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YROXPHLVDVIROORZVFKDOFHGRQ\RSDODQGDXWRJHQRXVTXDUW]TXDUW]DQGRWKHUWHUULJHQRXVLQJUHGLHQWV
IUHHDQGILOOHGSRUHV:LWKUHJDUGWRWKHFKHPLFDOFRPSRVLWLRQFKDOFHGRQLWHLVDXQLIRUPURFN
GXHWRWKHIDFWWKDWWKHFRQWHQWRIWKHVLOLFDH[FHHGVE\ZHLJKW&KDOFHGRQLWHFRQWDLQVVPDOOHUDPRXQWVRIWKH
R[LGHVRILURQDOXPLQLXPDONDOLQHHOHPHQWVDQGDONDOLQHVRLOHOHPHQWVDVZHOODVRUJDQLFVXEVWDQFHVDQGZDWHU>@
3UHSDUDWLRQRIVDPSOHV
,QRUGHUWRSHUIRUPODERUDWRU\WHVWVRQWKH$$&FRQFUHWHPRGLILHGZLWKFKDOFHGRQLWHVDPSOHVZLWKGLPHQVLRQVRI
[[PPDQGFRQWDLQLQJYDU\LQJDPRXQWVRIFKDOFHGRQLWHZHUHSUHSDUHGXQGHUODERUDWRU\FRQGLWLRQVLQ
WKHDHUDWHGFRQFUHWHPDQXIDFWXULQJXQLW7KHVDPSOHVRIWKHWUDGLWLRQDO$&&ZHUHDOVRSUHSDUHGLQRUGHUWRYHULI\WKH
HIIHFWRIWKHDGGLWLYH
$XWRFODYHG DHUDWHG FRQFUHWHZLWK WKHEXONGHQVLW\RINJPZDVSURGXFHG LQ WKH6: WHFKQRORJ\ ,Q WKLV
WHFKQRORJ\WKHJURXQGVDQGLVPL[HGZLWKZDWHUWRIRUPDVOXUU\*URXQGTXLFNOLPHDQGFHPHQWZLWKRXWDGGLWLRQDO
JULQGLQJ LQ WKH PDQXIDFWXULQJ SODQW VHUYH DV WKH ELQGHU 7KH GRVDJH RI OLPH FHPHQW J\SVXP VDQG VOXUU\ DQG
DGGLWLRQDOZDWHULQWRWKHPL[HUZDVGRQHE\ZHLJKW7KHSRUHIRUPLQJDJHQWDQGWKHVXUIDFHDFWLYHDJHQWZHUHSUHSDUHG
LQWKHIRUPRIWKHSRZGHUVXVSHQVLRQLQZDWHU7KHWUDQVIHUDQGPL[LQJRIWKHLQJUHGLHQWVLQVXLWDEOHSURSRUWLRQVVDQG
DQGJ\SVXP±DSSUR[RIWKHSURGXFWE\ZHLJKWOLPHDQGFHPHQW±DSSUR[DQGZDWHU±DSSUR[WRRN
DERXWPLQXWHV
,QWKHQH[WVWDJHWKHDSSURSULDWHTXDQWLW\RIWKHSRZGHUHGDGGLWLYHZDVLQWURGXFHGLQWRWKHPL[7KHDGGLWLYHXVHG
LQ WKH ODERUDWRU\ WHVWLQJ ZDV VHOHFWHG RQ WKH EDVLV RI WKH LQLWLDO PXOWLFULWHULD WHFKQLFDOHFRQRPLF DQDO\VLV 7KH
FRQGXFWHGWHVWSHUIRUPHGIXOORQHIDFWRULDOH[SHULPHQW6L[SDUDOOHOWHVWVZHUHSHUIRUPHGIRUHDFKYDOXHRIWKHLQSXW
IDFWRUDGGLWLYHFRQWHQWLQWKHVDPSOHRQWKHSHUFHQWDJHEDVLVLQUHODWLRQWRWKHVDQGDQGJ\SVXPFRQWHQWLQWKHVDPSOH
7DEOHSUHVHQWVWKHPL[FRPSRVLWLRQLQSDUWLFXODUVDPSOHVRQWKHSHUFHQWDJHEDVLV
7DEOH7KHSHUFHQWDJHRIWKHDGGLWLYHLQWKHLQGLYLGXDOVDPSOHV
6DPSOH &KDOFHGRQ\RIWKHVDQGZLWKJ\SVXP
$ 
% 
&
'


:KHQWKHSURFHVVZDVFRPSOHWHGWKHPL[ZDVSRXUHGLQWRWKUHHSDUWIRUPV7KHIRUPVZLWKWKHPL[ZHUHSODFHG
LQWKHSUHFXULQJFKDPEHUVLQZKLFKWKH\VWD\HGDWWKLVGHQVLW\IRUWKUHHKRXUVDWWKHWHPSHUDWXUHRI&'XULQJ
WKLVVWHSWULFDOFLXPDOXPLQDWHUHDFWVZLWKVXOSKDWHIHHGVWRFNDQGHWWULQJLWHLVIRUPHG,QWKLVWLPHWKHVDPSOHVDWWDLQHG
WKHVWUHQJWKSHUPLWWLQJWKHLUUHPRYDOIURPWKHIRUPV
,Q WKH IXUWKHU VWDJH WKH VDPSOHV ZHUH VXEMHFWHG WR DXWRFODYLQJ DW  & DQG WR WKH ZDWHU YDSRU SUHVVXUH
RI03D7KHDXWRFODYLQJZDVSHUIRUPHGIRUKRXUV7KLVSURFHVVJLYHVWKHDHUDWHGFRQFUHWHDSSURSULDWHTXDOLWLHV
VXFKDVVWUHQJWKIURVWUHVLVWDQFHDQGGXUDELOLW\>@
7HVWVUHVXOWVDQGDQDO\VLV
3.1. Dry state density 
7KHGU\VWDWHGHQVLW\ZDVGHWHUPLQHGDFFRUGLQJWRWKH31(1VWDQGDUG>@,WGHILQHVWKHUDWLRRIWKH
DXWRFODYHGDHUDWHGFRQFUHWHWRLWVYROXPHLQFOXGLQJSRUHVDIWHUEHLQJGULHGWRDFRQVWDQWZHLJKW:LWKUHVSHFWWRWKLV
VWDQGDUGSULRUWRWKHGHWHUPLQDWLRQRIGHQVLW\WKHVDPSOHVZHUHGULHGWRDFRQVWDQWZHLJKWDW&7KHYDOXHRI
WKHGU\VWDWHGHQVLW\LVVKRZQLQ)LJDVWKHDULWKPHWLFPHDQRIWKHREWDLQHGYDOXHV

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)LJ'U\VWDWHGHQVLW\RIWKHWHVWHGPDWHULDO
7KHDQDO\VLVRIWKHREWDLQHGUHVXOWVVKRZVWKDWWKHDGGLWLYHRIFKDOFHGRQLWHFDXVHGWKHJURZWKLQWKHGHQVLW\RIWKH
H[DPLQHGPDWHULDO,WZDVIRXQGWKDWWKHLQFUHDVHLQWKHGHQVLW\JURZVWRJHWKHUZLWKWKHULVHLQWKHDGGLWLYHSHUFHQWDJH
LQWKH$$&7KHVDPSOHVFRQWDLQLQJDQGDGGLWLRQRIFKDOFHGRQLWHUHYHDOHGDGHQVLW\LQFUHDVHE\
DQGUHVSHFWLYHO\
3.2. Compressive strength 
&RPSUHVVLYHVWUHQJWKZDVGHWHUPLQHGDFFRUGLQJWRWKH31(1VWDQGDUG>@E\WHVWLQJWKHVDPSOHVRQ
WKHSUHVVORFDWHGLQWKHODERUDWRU\RIWKH.LHOFH8QLYHUVLW\RI7HFKQRORJ\
,QDFFRUGDQFHZLWKWKHVWDQGDUGSULRUWRWKHH[DPLQDWLRQWKHVDPSOHVZHUHVHDVRQHGWKURXJKGU\LQJDW&XQWLO
DFRQVWDQWZHLJKWZDVDFKLHYHG7KHFRPSUHVVLYHVWUHQJWKWHVWUHVXOWVDUHSUHVHQWHGLQ)LJDVWKHDULWKPHWLFPHDQ
RIWKHREWDLQHGYDOXHV


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









)LJ&RPSUHVVLYHVWUHQJWKRISDUWLFXODUPDWHULDOV
7KHUHVXOWVDQDO\VLVVKRZVWKDWWKHDGGLWLYHRIFKDOFHGRQLWHFDXVHVWKHLQFUHDVHLQWKHFRPSUHVVLYHVWUHQJWKRIWKH
H[DPLQHGPDWHULDO7KHVDPSOHFRQWDLQLQJRIWKHDGGLWLYH\LHOGHGWKHKLJKHVWYDOXHRIWKHFRPSUHVVLYHVWUHQJWK
7KHREWDLQHGUHVXOWZDV03DZKLFKLVKLJKHUWKDQWKHFRPSUHVVLYHVWUHQJWKRIWKHFRQWUROVDPSOH
2Q WKHEDVLVRI WKH UHVXOWV LW FDQ DOVREH FRQFOXGHG WKDW DV WKHSHUFHQWDJHRI WKH DGGLWLYH LQ WKH VDPSOH ULVHV
WKH VWUHQJWKYDOXHEHFRPHVJUDGXDOO\ ORZHU WKDQ WKHKLJKHVWRQH7KXV WKH VDPSOHVFRQWDLQLQJDQGRI
WKHDGGLWLYHUHYHDOHGWKHFRPSUHVVLYHVWUHQJWKWKDWZDVDQGKLJKHUWKDQWKDWRIWKHFRQWUROVDPSOHV
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3.3. Water absorption 
:DWHU DEVRUSWLRQZDV GHWHUPLQHG DFFRUGLQJ WR WKH 31(1  VWDQGDUG >@ ,Q DFFRUGDQFH ZLWK WKH
VWDQGDUGSULRUWRWKHH[DPLQDWLRQWKHVDPSOHVZHUHVXEMHFWHGWRVHDVRQLQJWKURXJKGU\LQJDW&XQWLODFRQVWDQW
ZHLJKWZDV DFKLHYHG 3XUVXDQW WR WKH31(1 VWDQGDUG >@ WKH H[DPLQDWLRQ RIZDWHU DEVRUSWLRQZDV
SHUIRUPHGDIWHUDQGPLQXWHV7KHUHVXOWDQWYDOXHVDUHSUHVHQWHGLQ)LJXUHDVWKHDULWKPHWLFPHDQRIWKH
REWDLQHGUHVXOWV


)LJ:DWHUDEVRUSWLRQRIWKHH[DPLQHGPDWHULDO

7KH DQDO\VLV RI WKH REWDLQHG UHVXOWV VKRZV WKDW WKH DGGLWLRQ RI FKDOFHGRQLWH UHGXFHV WKH FRHIILFLHQW RI ZDWHU
DEVRUSWLRQ7KHVDPSOHFRQWDLQLQJRIWKHDGGLWLYH\LHOGHGWKHORZHVWZDWHUDEVRUSWLRQFRHIILFLHQWLQDOOWKHWKUHH
PHDVXUHPHQWV7KLVVDPSOH\LHOGHGDYDOXHWKDWZDVORZHUWKDQWKHFRQWUROVDPSOH¶VUHVXOWE\WR
6DPSOHVFRQWDLQLQJDQGRIWKHDGGLWLYH\LHOGHGDORZHUZDWHUDEVRUSWLRQFRHIILFLHQWDVFRPSDUHGWRWKH
FRQWURO VDPSOH WKH YDOXH DPRXQWLQJ WR  DQG  LQ WKH ILUVWPHDVXUHPHQW DQG  DQG  LQ WKH ODVW RQH
UHVSHFWLYHO\7KHVWXG\VKRZVWKDWWKHLQFUHDVHLQWKHDGGLWLYHFRQWHQWLVDFFRPSDQLHGE\WKHGHFUHDVHLQWKHZDWHU
DEVRUSWLRQFRHIILFLHQW


)LJ;UD\GLIIUDFWLRQSDWWHUQRIWKHPRGLILHGDXWRFODYHGDHUDWHGFRQFUHWH
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3.4. Phase composition analysis 
7KHSKDVHFRPSRVLWLRQDQDO\VLVRIWKHDXWRFODYHGDHUDWHGFRQFUHWHZDVSHUIRUPHGXVLQJ;UD\GLIIUDFWLRQ;5'
$FFRUGLQJ WR WKH UHIHUHQFH VRXUFHV WKH EDVLF SKDVH FRPSRQHQWV RI WKH DXWRFODYHG DHUDWHG FRQFUHWH DUH K\GUDWHG
FDOFLXPVLOLFDWHV&6+DQGWREHUPRULWHZLWKVPDOOHUTXDQWLWLHVRIK\GURJUHQDGHVDQGDQK\GULWHDQGVPDOODPRXQWV
RIVFDZWLWH[RQROLWHDQGSHFWROLWH>@2QHRIWKHVHULHVRIWKHGLIIUDFWLRQSDWWHUQVLVVKRZQLQ)LJ

7KHUHVXOWVRIWKH;5'VWXG\RIWKHDXWRFODYHGDHUDWHGFRQFUHWHPRGLILHGZLWKFKDOFHGRQ\UHYHDOHGWKHSUHVHQFH
RIQXPHURXV SKDVHV RI WREHUPRULWH7KHPDWHULDO H[DPLQDWLRQ DOVR UHYHDOHG WKHSUHVHQFH RI VPDOOHU TXDQWLWLHV RI
DQK\GULWH$GGLWLRQDOO\LWZDVIRXQGWKDWWKHPRGLILHGPDWHULDOFRQWDLQVQXPHURXVFU\VWDOOLQHSKDVHVLHTXDUW]

&RQFOXVLRQV
%DVHG RQ WKH SUHVHQWHG VWXG\ LW FDQ EH FRQFOXGHG WKDW WKH DGGLWLRQ RI FKDOFHGRQLWH KDV
DEHQHILFLDOHIIHFWRQDXWRFODYHGDHUDWHGFRQFUHWHDQGLPSURYHVLWVTXDOLWLHV
7KHDGGLWLRQ\LHOGHGWKHKLJKHVWFRPSUHVVLYHVWUHQJWKUHVXOWVDQGLQFUHDVHGLWVYDOXHE\FRPSDUHGWRWKH
WUDGLWLRQDO DXWRFODYHG DHUDWHG FRQFUHWH 0RUHRYHU DXWRFODYHG DHUDWHG FRQFUHWH PRGLILHG ZLWK FKDOFHGRQLWH KDV
DUHGXFHGDEVRUSWLRQFRHIILFLHQW:LWKWKHDGGLWLRQRIFKDOFHGRQLWHLQWRWKHWHVWHGPDWHULDOWKHILQDOPHDVXUHPHQW
UHYHDOHGWKDWWKHYDOXHRIWKHZDWHUFRHIILFLHQWZDVUHGXFHGE\FRPSDUHGWRWKHWUDGLWLRQDOSURGXFW$OWKRXJK
WKHUHZDVDQLQFUHDVHLQEXONGHQVLW\E\RQDYHUDJHRIWKHPRGLILHGDHUDWHGFRQFUHWHWKHJURZWKYDOXHLVQRW
VLJQLILFDQWLQFRPSDULVRQZLWKWKHWUDGLWLRQDOSURGXFW7KHFRQVSLFXRXVLPSURYHPHQWLQWKHSURSHUWLHVRI$&&UHQGHUV
LWDGYLVDEOHWRXQGHUWDNHIXUWKHUVWXGLHVDQGWRPRGLI\LWVFRPSRVLWLRQ
5HIHUHQFHV
>@5'DFKRZVNL$6WHSLHQ7KHLPSDFWRIYDULRXVDGGLWLYHVRQWKHPLFURVWUXFWXUHRIVLOLFDWHSURGXFWV3URFHGLD(QJLQHHULQJSS

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